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Opportunities for remediation of rock overburdenED 
dumps fROM the extraction of copper ORE
Introduction. The copper-porfiry habitat Elatsite is situated spa­
tially and genetically in magmatic intrusive and effusive rocks at an 
altitude of 1200-1500 m above sea level (asl). The rock massif is 
composed of different types of dikes rocks, schists and granodiorites. 
The overburdened dumps, obtained by the yield, for a long time remain 
bare, with big rock stones and covered with large pieces at the foot. 
At the places where there are more remnants of sulphide minerals, they 
are highly acidic and pollute the adjacent waterways. Finding the cov­
ering material for technical reclamation of rock heaps of mine «Elat­
site» additionally complicates the biological reclamation.
Purpose and methods of investigation. The purpose of the work 
is to examine the qualities (physical and chemical properties) of bulk 
materials from extraction activities and the selection of an appropriate 
for hilling of surface root inhabited layer for the purposes of the bio­
logical remediation of damaged sites.
Methods of the Investigations. For the implementation of the tar­
get the following tasks were formulated:
-  Study of the physical and chemical properties of bulk rocks and 
the establishment of appropriate for the purposes of remediation rock 
materials, melioration activities and the order of conducting them in the 
remediation of damaged areas;
-  Establishment of appropriate species composition for biological 
reclamation;
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-  Establishment of the amount of small particles by appropriate 
technical and biological reclamation of rock materials;
-  Proposal for a technology for reclamation of damaged land by 
mine «Elatsite».
In this paper we present some of the research on the properties 
of bulk materials suitable for coating the root layer for biological 
reclamation.
The rock heaps, accumulated in the 80ies of the last century were 
covered with grass and bushes in places, which suggests that although 
poor in nutrients, for three decades they are now in an advanced 
stage of weathering. In April 2010 samples were taken at a depth of 
0-30-40 cm, for the analysis of physical and chemical properties from 
different places of seven heaps with different types of aggregates.
Samples were analyzed for basic soil parameters — common 
physical properties (relative density (D), in Pyknometric method and 
bulk density — the weight method with rings), chemical composition 
and properties (soil pH, potentiometric (ISO 10390), hydrolytic aci­
dity — by Capen, exchange bases — by Capen, sorption capacity — 
by 0,1 n BaCl2; humus — the method of Tyurin; total nitrogen by the 
Kjeldahl method (ISO 11261), KjO — total content — by digestion 
with aqua regia and determination by AA; P20 5, by digestion with aqua 
regia and determination by AAS;) and determination by ICP; electric 
conductivity (salinity) — conductive aqueous extract, total content of 
heavy metals, arsenic, sulfur, alkali and alkaline earth metals — after 
wet ashing of samples in a mixture of perchloric and nitric acid — AAS 
and ICP.
Analyses of metals in grasses are made after dry burning in a muf­
fle furnace, washing the ash content with 10 % HC1 and AAS measu­
rement. The properties are mainly determined for the well weathered 
materials, i.e. < particles of 3-5 mm, as this will be the root layer of 
plants, especially when one starts the actual reclamation of the heap.
For canying out of the terrain experiment were established three 
sites covered with three substrates (in our requirement crushed to a par­
ticle size < 5 mm) of typical sections of the heaps dump with a height of 
1445 above sea level, on which were sown grass mixtures with grasses,
according to our assessment, resistant to environmental conditions (cli­
matic and edafic). The first site is the bulk of primary schists and dykes, 
mixed with soil taken from a heap with an elevation of 1460 m. The 
second part in the middle was a bulk with a mass of black schists taken 
from the heap with an elevation of 1470 m. The third site was the bulk 
of primary schists from a heap with elevation of 1450 m.
The total plot size of the parcel is about 120 m long and 70 m in 
width, located east/west where it is covered with vegetation — high 
perennials, trees on the rock along the south side of the plot. Sowing 
the entire experimental area was carried out simultaneously — on the 
9th of August 2010.
Results and Investigations.
Physical properties. The bulk density of < 3-5 mm sized particles 
varies slightly around the average for soil (1,5 g/cm3) — between 1,48 
and 1,66 g/cm3. Black schists weather more easily and increase their 
dust fraction, but leave still flaky. This can lead to an increase in bulk 
density and make the substrate more heavy as a root layer in the future. 
Full water capacity varies around 24 % and the total field capacity — 
between 22 and 24,60. These data indicate that bulk materials retain 
small amount of water pores spaces after rainfall. The relative density 
is also nearly flat, except that of the black schists. It varies between 2,40 
and 2,51, indicating that the density of particles is not much different 
from the density of soils in the region. Black schists are lighter — 1,80. 
Porosity data indicate that black schists have significantly lower poros­
ity than that of other substrates. The higher porosity is characteristic of 
the large sized materials.
Analyses of the chemical properties of substrates (Table 1) showed 
that the majority of them are acidic except the black schists and they 
need liming with a certain dose.
The content of heavy metals and arsenic is the most important indi­
cator for research in connection with their presence in fossil ores and 
waste from flotation. This is necessary to determine the extent to which 
organic products obtained on soils and reclaimed lands contain toxic 
elements that may be introduced into the higher levels of the food chain 
when areas are contaminated even after reclamation of damaged areas.
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Factors that influence the availability of heavy metals in particular 
for the site are: the acidity of soils and substrates, clay content, humus 
content, moisture and oxygen, and their uptake by plants — from their 
presence and everything listed so far.
Neutralization of heavy metals in soil concerns reducing their pre­
sence in plants in an agrochemical way. The high acidity and microbial 
activity are a prerequisite for the existence of soluble forms. By reduc­
ing the acidity of soil, the heavy metals are transformed into immobile 
for the plants forms. The total amount of these items is not dangerous, 
it affects only quantitative, as opposed to the presence of exchangeable 
forms that are toxic.
It should be noted however, that the soil forming materials are con­
taminated above the maximum permissible concentrations in terms of 
standards for agricultural land. Regarded as «soils» of industrial sites 
their contamination is below the maximum-permissible concentrations. 
We pay attention to pollution not only as contamination of industrial 
sites because in the future reclaimed lands will become forest habitats 
in which different animal species will live. Fruits of plants could be 
used by both of them — animals and the people.
Much more worrying is the pollution of the rock materials from the 
bulk heaps of arsenic. All samples contain arsenic above the maximum 
permissible levels but one sample from the bulk heap has quantities of 
As tenfold higher than the standards for polluted industrial sites. In this 
sample, both copper and lead are above the maximum permissible 
levels. With higher than the maximum permissible levels for industrial 
sites are contaminated bulk heaps 2, 4 and 7, but 7 of the heel stands 
more seriously. These data suggest that rehabilitation should benefit 
materials and methods for blocking heavy metals and arsenic.
This conclusion is reinforced by high levels of sulphur, which pres­
ence generates high acidity of the substrate in which the divalent alka­
line ions are in significantly lower amounts than those of natural soils in 
lowland areas at lower altitudes. Manganese and iron are trace elements 
essential for plants, but with strict limits for each species. According to 
Pendias (1989) manganese is sufficiently widespread in the environ­
ment in amounts of 100-2000 mg/kg in larger quantities in igneous 
rocks than in sedimentary. In the studied rocks the quantity is in the 
medium range. The content of iron is quite high — probably in the form
of pyrite formations generates acid reaction of leached water. In natural 
soils, it is established at an average of 1-2 % and in the investigated 
material it is > 5 %.
Excess amounts of heavy metals, particularly manganese, nickel 
and cobalt, causes reduction in the rate of uptake and transport of iron 
in plants, which in turn leads to reduced chlorophyll. In the studied 
materials only two samples of cobalt have higher quantities, and nickel 
did not exceed the norms. On the other hand it is known that the high 
level of this element in the soil reduces the absorption of trace ele­
ments by plants [1]. Manganese content was higher only in one sample, 
indicating that this element will have a negative impact on biological 
reclamation.
The relation of the toxic effects of mobile heavy metals and arsenic 
on living organisms, respectively vegetation, provides research and the 
plants that are grown in vegetation and the field experience in various 
ameliorative effects determine that vegetation remains an important 
transmission in the food chain to higher trophic levels — herbivorous, 
carnivorous animals and humans.
Conclusions. Data from a one-year field trial laid down by the heel 
of the West «Elatsite» mine, though not complete, gives rise to some 
conclusions that may be indicative of future reclamation activities. More 
at the agrochemical analysis of indicators of soil forming substrates of 
the trial areas can be seen in the changes in them, although seemingly 
under the influence of carbonaceous materials calculated to quantify the 
acidity of the primary substrate bulk (specific to each of them) in this 
a year, quickly began to recover its original state. Even the black schists 
area II, whose acidity was pH in H20  8,20 to 8,61, during the month 
of October 2011 is now 4,0 to 4,94. Acidification increased less in the 
test area I — dykes and primary schists mixed with soil. It is clear that 
it is necessary more often to provide liming and neutralization of the 
substrate to a continuous reaction solution and to accommodate natural 
grasses and other vegetation that will now grow on rocks, enriched with 
organic matter, which will be more difficult with dissolved arsenic.
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